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CONTINUUM IORIZATION TRANSITION PROBABILITIES

. OF ATOMIC OXYGEN
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'Z‘The techniQue of Photoelectron Spectroscéopy haes heen used to obtain

) . . ’ o
the relative continuum transition probabilities of atomic oxygen at 58h A
, . 5 .

for transitions from the “P ground state into the lfS, 2D, and 2P states of

_the ion. The ratio‘of the transition probabilities for theleD and.gP

L .
states relative to the S state of the ion are 1. 57 0.1k and 0.82 £ 0.07,
'respectively., In addition, tran51t10ns from the excited 02(a lAg) state

+ (2

iﬁto the O2 @u and Eﬂg) states were observed. The adiabatic ionization

_potentlal of O ( A ) was measured as 18.803 = 0.006 eV.
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-n:.INTRODUCTION

- Many theoretical investigatlons of the photoionization of atomlc
oxygen have been carried out. 1-8 These include cross sectlon calculatlons,
tran51t10n probabllltles for specific 1on1c states, ‘and calculations of the
angular distribution of the ejected photoelectrons. The experimental veri-
fication of these calculations is eifficult because of the experimental |
probiems in dealing with a transient species such as atomic oxygen. In
edditioe'fo supperting a particular theoretical model the experimental
resu;ts on the photoionization of etomic oxygen are'extremely important in
upper"atmoepheric studies since a prime constituent of the Earth's atmos-
phere at about 200 km is atomic oxygen.

Previous experlmental studles on photon 1nteract10n w1th atomlc
,oxygen have been confined to absorption studles. Huffman et al.9 obtained
.‘an absorptlon spectrum between 600 and. X000 A while Calrns and- Samsonlo and
Comes and Elzerll measured absolute eross sectlons at dlscrete emission 1'
‘llnes in the samelwavelength interval. More recently Jonathan et al 12,13
have observed the photoelectron spectrum of atomlc oxygen at 58h A and
. :Dehmer et al.lh have studied the ions produced by photoionization in a mass.
spectrometer |
The present investigation invelves the technlque of photoelectron _;

-spectroscopy Thle is an extremely powerful method for measurlng the
.relatlve trensmtlon probahllltles for populatlng the various 1on1c states
:available for the given photon energy However, to obtain meanlngful
' reeults the collectlon effic1ency of the electroe energy analyzer must be
calibrated as a functlon of the electron.energy:anﬁ the analyzer must not

diseriminate against electrons with differing angular distributions. To
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date thls has not been done. The present work reports absolute transition

' probabllltles for the photoionization tran31t10n 2p ( P) > 2 3(2D, 2P) + e

. A .
relative to transitions to the 2p3( S) ground state of the atomic oxygen 1on.

EXPERIMENTAL

Atomic oxygeﬁ was produced in a microwave discharge {2450 MH)

: eperating'at 2 pewer of 40 W and at e pressure of approximately 20 m Torr.
Although number densities ef the atomstwere.net'measured similar techniques
have produced about 5% dlSSOCl&tlon.lp In addition to atomic oxygen other
spec1es were produced. The parent molecule can be exclted 1nto the lowest
exc1ted state, the O (a A ) state, which lies about 1 eV zbove the ground 7
X SEg state. Molecules in the excited a._Ag atate account for about 5 to
10 percent of the products. Other epecies may te formed such as ozone and
Oé in various v1brat10nal states. However, these were not observed in the
.present experlment where the dlseharged gas had to travel about 50 em through
‘ll mm 1d pyrex tubing. '~ Quartz tubing Wa.s used in the microwave cavity. The'
‘tublng was treated with dilute phosphorlc acid to mlnlmlzerthe recomblnatlon

-of atomic oxygen.. Thus, three species were formed namely, 0 P),

'0 (X 32 ), and. 0 (a A . Figure 1 shows the microwave discharge and the :
atomlc oxygen flow in relatlon to the photoelectron spectrometer.

. The electron energy analyzer was a cyllndrlcal mirror d951gn based on

'the analysis glven by Kerras et al. 5 H81it to slit focu51ng was adopted
" with an entrance tragectory of sh.7° with respect to the axis of the cylln-

:‘ders. This partlcular angle was chosen because the fraction of the electrons

travelllng in thls direction-is directly proportlonal to the total number of

1 -
‘photoelectrons produced regardless of their angular distribution. 6 A

e 2



"retardlng/acceleratlng lens (L) was incorporated so that the electrons would
-

5have a flxed pass energy and hence a constant energy resolutlon. With 2 volts

:between the. 1nner and outer cylinders the full width at half maximum for

' _argon was 30 neV. The supportlng'dlscs for mounting the inner and outer

'ncyllnders were made from Plexiglass. The surfaoes facing the analyzing
,-reglon were coated Wlth a thin layer of vacuum evaporated tellurlum Elec¥
- trlcal_contact was made with 51lver conducting pa;nt. "When the analyzing
- yvoltage was applled a logarlthmlo field was set up matching that between the
,wcyllnders.- With this contlnuous frlnglng field corrector the supports could
be located very close to the slits {about 0.5 em). . Helmholtz coils were used
9'to.reduce the Earth s field in the analyzer to a few milligauss. .
| To measure the probablllty for trans1t10ns into the various ionie
‘3feetates it 1s essentlal that the analyzer be callbrated for its response to -
"i.electrons of various energles./ The effect of stray magnetlc fields, contact
potentlals,‘and detector response may vary with the kinetic energy of the
.electrons. in addltlon the transm1551on of the retardlng/acceleratlng lens
';w1ll be a functlon of electron energy. All of these factors were accounted.
'n'for by measuring the collectlng eff1c1ency of the entire analyzer as a
'-!functlon of electron energy. Because the analyzer d4id not discrlmlnate
"eagainstreiectron groups with different angular-distrlbutlons the callbration
f:wes‘acnieved ny simply meeSuringithe branching ratios of the variocus elec-
ltfonic end vibrationalletates‘of several gases (02, N,, and 002). The
.ooeerved branching ratios were compafed {and corrected) with the true branch—

sl AT : . : . '
. ing ratios. 7 The correctlon factor, as a function of electron energy,

o nproduced the desired collectlon efflclency curve (see Fig. 2)

- The 58h A radlatlon was produced by an undlspersed glow dlscharge in

Q\_helium.’_The helium was purified by passing 1t through a zeolite trap cooled
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by liquid nitrogen. The light souree waé fitst tested on a % m Seya vaeuum
uv monochromator tn determine the intensity of the other members of the Hel
rresonance serles and also to check for possible impurity lines. The most
1ntense line, in addltlon to the 584 A line, was the second member of the
‘He series, the 537 A line. However the 537 A llne was about a factor of

‘ 50 less intense than 58h A If -a small air leak is present in the source
some'very weak OI regonance lines are produced (about 200 tlmes weaker than
SSh R). However, these resonance llnes are hlghly reabsorbed - by the atomic.
.oxygen in the enalyzer. The states subsequently aut01onlze and produce
strong spurious signals.. A discussion of this phenomena 1s° presented_ln

detail'elsewhere.l

| “Figure 3-shows.the,photoelectvon spectrum of O with and w1thout the
nlscharge. Tne atomic states are clearly seen._ In addltlon trans1t10ns :
from the exc1ted o2 lAg state_ere observed.l.The transition 02 (a Ag)_+_
(X H) is clearly 1dent1f1ed This gives an ionization potential of the
a A state 1. 00 eV below that of the O (X 32 ) ground state. This value

10,19- 2; .Tran51tlons from

‘15 in agreement w1th previously published values.
jthe a & state into higher lying levels of the ion are also observed._ These
' Ahave been identified by Jonathan et al as transitions into the @ and A
“:1on1c states. 3 22 These states are shown in more detail 1n Fig. 4. The
adiabatic ionization potential for the transition Oé (a Ag) - 0; (zﬁé)
. n‘obtalned from the present work is 18. 803 .0.006 eV. The vibrational spacing
of the ?Ag state is 116 % 5 nV. . This is in excellent agreement with the |

results of Jonathan et al. 13 The @u_state is not clearly resolved but an

‘estimate of its,vibratlonal spaclng is ~ 110 mV and one vibrational peak has
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:_én,energy of_i8.256 ev.
| ‘The technique used to obtain the intensity of the 2D transition was
to take peakzheights-qf.the v = 6,-7, and 8.vibraxionél levels of the a hﬂ
"_stéte_with tﬁe discharge on and off. Tﬂisrestaﬁlishés the relative intensi-
‘"ties‘of-ﬁhe<vibrational ievels and the excéés signal in the v = T level with.
. (2 . ,

“the discharge on is the contribution to the O+ D) state. The peak heights

~ of the l‘S, 2D, and ?Plstates,as shown_in:Fig. 3,must be corrected for the
colleétion efficiéncf.of the_analy;efl(see fig, 2). The results for the
transition proﬁabilities of\fhe 2D and‘eP.states relaﬁive to the hS groﬁnd
‘state of the ion afe given in Table-I along with the results of several |
theoretical calculations. Most of the calculations lie within * 10% of the
', experimental data. However, the reéuits of Hénry, who used.close-qoupled

- wave functions to describe the final:continuﬁm orbitals, show the closest

agreement with experiment.
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| S L ‘ 2 2 . .
- TABLE I. Relative transition probabilities of -the D and P ionic states of

‘atomic'oxygen relative to the l'LS ground state of the ion.

AQD/hS 2P/hS references
This work | 1.57 £ 0.1k 0.82 * 0.07
 Manson and Starace .l.h9 ,0.96. : _(8)'-
Henry g _ .1.53.(DV)' 0.91 (oV) .
| | 1.57 (BL) - 0.85 (DL) )
bélgarno et al. Al 1.20 (Dv) o 0.Th (pV) .
- 1.1 (L) 0.98 (o) @)
.ff Kahler N 1.45 ' 0.90 .
e : | . o (5).
_ 1.65 1.05 ‘
Gamas R S 0.24 | - (6)
. #Thomas and HelliWeil 1.5 _ 0.8 -. ()

¥Estimated values from published total cross sections.
DV and DL denote, respectively, dipole velocity and dipole length

" .. approximations.
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Figure Captipns

l. Cylindriecal mirror electron‘energy analyzer. L iz the retarding/accelgr-‘
ating lens and C is the channeltron detector. The microwave discharge,

~ for the production of atomic oxygen, is shown in relation to the analyzer.
2. . Analyzer collection efficiency as a functicn of electron energy.

3. Photoelectron spectrum of 02' (upper curve), and
‘photoelectron spectrum of the discharged products O(3P), 02(32), and
Oa(lﬁg). The dashed vertical line denotes the position 21.218 eV,

[+] .
which is the energy of the 584 A line (lower curve).

. ' . +
‘4. Photoelectron spectrum of discharged 0, between 18 and 19 eV. The O EP

level is clearly,resolved' from the v = 3 vibrational state of the
o+ h N . o+
0,(b -'Z) state. The transitions 0,f{a Ia ) >0 (EQ‘ and 24 ) are
T 2 E. 28w g

s

indicated.
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